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Abstract:Crystallization of a protein is a process of formation of a solid crystal from a homogeneous solution which leads 
to the knowledge of its three dimensional structures and it plays important role in designing and engineering protein for 
specific purposes. Thermostable lipases are commercially significant for their potential use in industries as it is stable and 
active in organic solvents, possess a wide range of substrate specificity, resistance to high temperature and chemical 
denaturation. The purified thermostable lipase from Geobacillus thermodenitrificans IBRL-nra was screened for crystal 
formation using Hampton Research screening kit, HR2-121 and HR2-122 using hanging drop vapour diffusion and 
microbatch methods. Microcrystals and rod clusters grew from mixtures in formulation 14, 20, 21 and 38 of HR2-121 and 
formulation 14, 16, 32 and 45 of HR2-122. Further enhancement of the parameters was carried out for the formation of 
well-defined crystal. The parameters tested are pH (4.6, 6.5, 7.5 and 8.5) and concentration of CaCl2 (0.15-0.38M).  
Keywords: Thermostable lipase, Geobacillus thermodenitrificans IBRL-nra, crystallization, hanging drop vapour diffusion, 
microbatch 
 
Introduction 
Lipases (triacylglycerol acylhydrolase, EC 3.1.1.3), acts only on an ester-water interface, 
are capable of catalyzing the hydrolysis of long-chain triglycerides with the formation of 
diacylglyceride, monoglyceride, glycerol and fatty acids, as well as the reverse reaction of the 
synthesis of esters formed from fatty acids and glycerols (Li and Zhang, 2005). Thermostable 
lipases are commercially significant for their potential use in industries as it is stable and active 
in organic solvents, possess a wide range of substrate specificity, resistant to high temperature 
and chemical denaturation. Geobacillus thermodenitrificans as indicated in the name itself is a 
heat-loving bacterium which is capable of reducing nitrate to nitrogen. This species of Geobacillus 
draws the interest of researches, since it is thermophilic and are capable of producing industrial 
enzymes and are more resistant to chemical agents and extreme pH values. In this research, G. 
thermodenitrificans IBRL-nra was isolated from Labok hot spring, Kelantan, Malaysia (Raikhan, 
2003).  
Protein crystallization is important to produce good quality crystals for structure 
elucidation by X-ray diffraction (Leow et al., 2007). Lipases show a wide range of molecular 
sizes, substrate and positional specificities and catalytic rates. In order to understand the 
functions of enzyme at molecular level, it is often necessary to determine the three dimensional 
structure of proteins and this can be achieved by X-ray crystallography (Jeong et al., 2001). The 
structures of many different lipases from fungus and bacteria have been determined by X-ray 
crystallography, however only few thermostable lipases from thermophilic bacteria have been 
crystallized and their three-dimensional structures solved (Leow et al., 2007). The objectives of 
this study are to screen for potential thermostable lipase crystals and enhancement of the 
crystallization parameters for well-defined crystal formation for structure elucidation. 
 
Materials and Methods 
Screening process for crystallization of thermostable lipase 
Thermostable lipase from Geobacillus thermodenitrificans was previously purified to 
homogeneity by using ultrafiltration, affinity chromatography and gel-filtration chromatography. 
The concentration of the purified enzyme used was 4 mg/ml. Two types of screening kits, Crystal 
Screen Cryo HR2-121 and HR2-122 (Hampton Research) were used to screen for thermostable 
lipase crystals. Crystal Screen Cryo is a complete sparse matrix reagent kit designed to provide a 
rapid screening method for crystallization of biological macromolecules. 
 
Crystal Screen Cryo kit HR2-121 and HR2-122 (Hampton Research) 
There are a total of 48 different types of formulations in screening kit HR2-121 and 50 
formulations in HR2-122. Each formulation consists of different types of salt, buffer, precipitant 
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and percentage of glycerol. Lipase was screened for crystals using hanging drop vapor diffusion 
and microbatch methods. 
Hanging Drop Vapor Diffusion and Microbatch Methods 
Hanging drop vapor diffusion method was carried out using a VDX plate (HR3-140) with 
24 wells. One millilitre of crystallizing agent was pipetted into each reservoir. Droplets containing 
2 µl of lipase and 2 µl of reservoir 1 were mixed and loaded on the silicon cover slip. The cover 
slip was inverted over the edge of the reservoir and sealed. This procedure was repeated for the 
remaining 50 reservoirs. Then, the plates were incubated at 5ºC and 20ºC and observed after 24 
hours using a Stereo Microscope. The concentration of lipase used was 4 mg/ml.   
Microbatch plate contains a total of 72 wells which is designed in 12 lines X 6 columns 
manner. 15 µl of paraffin oil was pipetted into each of the well. By using a clean pipette tip, 2 µl 
of reservoir 1 and 2 µl of lipase was pipetted into each well. The process was repeated for the 
remaining crystal screen reagents. A new and clean pipette tip was used each time for each 
reagent to avoid contamination. After mixing, the plates were closed with the cover. Then all the 
plates were incubated separately at 5ºC and 20ºC. Plates were observed after 24 hours using a 
Stereo Microscope for crystal growth. 
Enhancement of the Crystallization Parameters 
Formulation 14 of HR2-122 which consist of 0.17M Calcium chloride dehydrate, 0.0095M 
Tris-Cl,pH 7.5, 26.5% PEG and 5% Glycerol was further used for enhancement. For pH study, the 
buffers with different pH; Sodium acetate (4.6), MES (6.5), HEPES (7.5) and Tris-Cl (8.5) were 
used to substitute 0.0095M Tris-Cl in Formulation 14. Crystallization with different buffers was 
carried out using microbatch at 12˚C and 20˚C. 
For precipitant concentration, different concentration of calcium chloride (0.15 – 0.38M) was 
substituted with 0.17M calcium chloride in the formulation 14 (HR2-122). Crystallization with 
different concentration of calcium chloride was carried out using microbatch method at 12˚C and 
20˚C.   
 
Results and Discussion 
Screening process for crystallization of thermostable lipase 
Protein crystallization can be divided into two steps, which is initial screening to obtain 
any type of crystals and enhancement to improve the crystals (Leow et al., 2007). Screening 
process is a vital part in protein crystallization as it plays a role as an efficient and effective tool 
to determine the initial crystallization conditions. The screening process was influenced by 
different factors like salt, buffer with different pH, polymers and temperature. Among the tested 
formulation in crystal screen cryo HR2-121, formulation 14, 20, 21 and 38 gave microcrystals of 
thermostable lipase after 24 hours incubation at 5ºC and 20ºC (Figure 1).  For crystal screen 
cryo HR2-122, formulation 14 formed plates (Figure 2A), formulation 16 and 32 formed 
microcrystals (Figure 2B & 2C), and rod clusters obtained using formulation 45 (Figure 2D).  
Based on the results obtained, formulations in crystal screen cryoHR2-122 have produced 
better forms of crystals. It has potential to grow good quality crystals by modifying the 
formulation 14 and 45 of HR2-122, in terms of salt and precipitant concentration and the pH. 
This is because the plate form (formulation 14) and rod clusters (formulation 45) formed could 
be improved to single crystals by the optimization. Previously, T1 lipase, a thermostable lipase 
from Geobacillus sp. strain T1 has been successfully crystallized using crystal screen cryo HR2-
121, formulation 21: 0.1 M NaH2PO4, 0.1 M KH2PO4, 2.0 M NaCl and 0.1 M MES pH 6.5, 
formulation 30: 0.1 M HEPES pH 7.5, 10% w/v PEG 6000, 5% v/v MPD and formulation 32 (HR2-
122): 0.1 M NaCl, 0.1 M HEPES pH 7.5, 1.6 M (NH4)2SO4 at 16ºC using sitting drop vapor 
diffusion method (Leow et al., 2007). The authors also reported even smallest microcrystals or 
with poorest quality will lead to the ultimate goal of determining the three-dimensional structure.  
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Figure 1. Microcrystals formed using crystal screen cryo HR2-121. (A) Formulation 14: 0.15M Pottasium sodium tartrate 
tetrahydrate, 0.075M Sodium citrate tribasic dihydrate pH 5.6, 1.5M Ammoniun Sulfate, 25% v/v Glycerol, (B) 
Formulation 20: 0.08M MES monohydrate pH 6.5, 1.28M Magnesium sulfate tetrahydrate, 20% v/v Glycerol, (C) 
Formulation 21: 0.075M Sodium phosphate monobasic monohydrate, 0.075M Pottasium phosphate monobasic, 0.075 
MES monohydrate, pH 6.5, 1.5M Sodium chloride, 25% v/v Glycerol and (D) Formulation 38: 0.075M HEPES pH 7.5, 15% 
PEG 10000, 25% v/v Glycerol. 
 
 
                  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Formation of crystals using crystal screen cryo HR2-122 at 5ºC and 20ºC. (A)Formulation 14: 0.17M Calcium 
chloride dehydrate, 0.0095M Tris-Cl,pH 7.5, 26.5% PEG and 5% Glycerol(B) Formulation 16: 0.075M HEPES-Na, pH 7.5, 
1.125M Lithium Sulfate monohydrate, 25% Glycerol, (C) Formulation 32, 1.5M Am monium Sulfate and 25% Glycerol, 
(D) Formulation 45: 0.16M Zinc acetate dihydrate, 0.008 Sodium Cacodylate pH 6.5, 14.4% PEG 8000, 20% v/v 
Glycerol. 
Enhancement of crystallization parameters 
The screening results showed enhancement of parameters, pH and concentration of 
precipitants (CaCl2) were carried out for well-defined crystal formation. Among all the tested pH, 
rod clusters were formed when sodium acetate at pH 4.6 (Figure 3A) and crystals were formed 
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when Tris-Cl at pH 8.5 (Figure 3B) was used in the formulation 14 (HR2-122) respectively. In the 
precipitant concentration trial, 0.28M and 0.38M of calcium chloride produced better form of 
crystals (Figure 4A & 4B). The confirmatory test on crystals formed was carried out by using Izit 
crystal dye. After staining the crystals with Izit dye, the crystals formed after enhancement 
appeared blue.  According to the manufacturer, Hampton Research, Izit crystal dye is a 
molecular dye that has the ability to fill the solvent channels in a protein crystal whereby protein 
molecules will be stained blue when treating with Izit crystal dye.  
 
Figure 3.  Formation of rod clusters (A) using sodium acetate, pH 4.6 and crystals (B) using Tris-Cl as buffer component 
in Formulation 14 (HR2-122) at 20˚C. 
 
 
Figure 4. Formation of thermostable lipase crystals using 0.28M (A) and 0.38M (B) of calcium chloride in the formulation 
14 of HR2-122 at 20˚C. 
Conclusions 
 Thermostable lipase from G. thermodenitrificans IBRL-nra was screened for crystal 
formation and microcrystals, plates and rod clusters were formed using crystal screen cryo HR2-
121 and HR2-122.  The formulation identified with potential crystal formation, formulation 14 
(HR2-122) was further chosen for enhancement study. Rod clusters and crystals were obtained 
after enhancement of pH and precipitant concentration. Further enhancement of different 
formulations and other parameters are being carried out for formation of well-defined crystal and 
the crystals formed will be used for X-ray diffraction and finally the three-dimensional structure 
of the thermostable lipase will be determined. 
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